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1.1

ANTIBIOTICS



Antibiotic Compounds

Pharmaceutical chemicalsin water has immerged as a world-wide concern. Most studies relate to
large municipal waste outfalls and animal feedlots where pharmaceutical inputs are presumably
high. Concern is focused on the issue of human health implications by exposure through drinking
water. Ecological studies are few yet. Two marine industries in Maine have been the topic of
much speculation over the past 10 years, lobster pounds and finfish aquaculture. Both use
antibiotics (Oxytetracycline) in medicated feed to control disease, athough in the finfish industry,
vaccination has dramatically lowered the need for medication. Studies in Washington State have
shown antibiotic buildup in sediment under finfish net pens.

Because oxytetracycline does not act solely on the target pathogen but on beneficial bacteria as
well that may be ecologically important in nutrient recycling, we proposed an initia survey to
determine whether oxytetracycline is present and at what concentrations in and around lobster
pounds and finfish aquaculture operations.

The study is being directed by the Maine Department of Marine Resources via a private
consultant. The data are not yet available and will be reported in a later report.
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1.2

SHELLFISH TISSUE ANALY SES



Shellfish Tissue Analyses
This project addresses multiple needs identified after analysis of historical data collected
by SWAT and other studies.

In 1998, interim action levels for shellfish were developed by the State Toxicologist,
Bureau of Health that enable data from mussel samples to be evaluated in the context of
human health. In the 1980s and early 1990s, blue mussel sample results suggest that
human health advisories may be warranted in some areas of the coast due to levels of lead
and mercury. Although environmental lead levels have declined nationally in various
media since its removal from automotive fuels, it is reasonable to resample these areas to
determine if current lead and mercury levels warrant an advisory. When these older
samples were taken, organic analyses were not affordable. Many of these areas are near
human population centers and/or industry and commerce. To complete the human health
assessment, both organic and metal analyses should be conducted.

The Departments of Marine Resources and Environmental Protection have an active
program to restore shellfish beds to harvestable conditions by removing sources of human
sewage. Once sanitary pollution criteria are met, the DMR can open the areaif it is
assured that toxic contaminants do not pose a human health threat. In cases where the
historical clam population is no longer present, direct sampling of clams makes that
assurance impossible.  Since a clam restoration project is an expensive commitment,
there is a need to have tool available that can predict what tissue levels might likely be
once clams have been restored to the area. Blue mussels are found almost everywhere
along the coast, even where clams are not.  Since mussels can be used to reflect local
conditions, it may be possible to develop a relationship between clams, mussels, and
perhaps sediment in order to predict levels expected in clams.

In the original Five-Y ear Plan, establishment of benchmark stations to be monitored over
time was identified as a high priority. Those stations have been established and sampled
at least once.

Finally, areas of the coast have been identified as having elevated levels of PCBs and
organo-chlorine pesticides. Mussels have been effectively used to localize sources. The
Winter Harbor Landfill is known to have received PCB waste. Wildlife (eagles) in the
area contain unexplained levels of PCBs.

During the 2000 sampling season the ME DEP sampled blue mussels from seven
sampling stations. Copper and lead in mussel tissue from Mill Cove in Boothbay Harbor
exceeded the upper limit of the normal baseline range for Maine. At other locations
metals did not exceed the normal baseline range for Maine. When compared to NOAA
Status and Trends elevated levels, organics were not elevated with the exception of total
DDT in one replicate in West Boothbay Harbor. One other replicate was not elevated
and another was dightly lower than the elevated level.

The human health assessment has not yet been evaluated.
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TABLE 1.2.1 LEVELS OF MERCURY IN 2000 BLUE MUSSEL TISSUE SAMPLES

Hg mg/kg (wet Hg mg/kg (dry

weight) weight) % solid

reporting limit 0.0050 0.0556 9.0
Station

SW Harbor 1 0.0106 0.0838 12.7
SW Harbor 1 rep 0.0105 0.0830 12.7
SW Harbor 2 0.0111 0.0853 13.0
SW Harbor 3 0.0099 0.0775 12.8
SW Harbor 4 0.0100 0.0800 12.5
Boothbay WH 1 0.0158 0.1364 11.6
Boothbay WH 2 0.0150 0.1339 11.2
Boothbay WH 2 rep 0.0156 0.1395 11.2
Boothbay WH 3 0.0149 0.1393 10.7
Boothbay WH 4 0.0134 0.1117 12.0
Blue Hill Bay Falls 1 0.0057 0.0506 11.2
Blue Hill Bay Falls 2 0.0062 0.0524 11.8
Blue Hill Bay Falls 3 0.0059 0.0553 10.6
Blue Hill Bay Falls 3 rep 0.0057 0.0542 10.6
Blue Hill Bay Falls 4 0.0059 0.0518 11.3
Belfast 1 0.0158 0.1427 111
Belfast 1 rep 0.0160 0.1441 111
Belfast 2 0.0171 0.1405 12.2
Belfast 3 0.0152 0.1394 10.9
Belfast 4 0.0164 0.1388 11.8
Englishman's Bay/Dunn Island 1 0.0094 0.0870 10.8
Englishman's Bay/Dunn Island 2 0.0084 0.0847 9.9
Englishman's Bay/Dunn Island 2 rep 0.0084 0.0848 9.9
Englishman's Bay/Dunn Island 3 0.0076 0.0749 10.1
Englishman's Bay/Dunn Island 4 0.0077 0.0773 10.0
Boothbay-Outer Harbor 1 0.0166 0.1788 9.3
Boothbay-Outer Harbor 2 0.0152 0.1685 9.0
Boothbay-Outer Harbor 3 0.0142 0.1574 9.0
Boothbay-Outer Harbor 3 rep 0.0130 0.1448 9.0
Boothbay-Outer Harbor 4 0.0139 0.1601 8.7
Mill Cove-Boothbay 1 0.0205 0.2075 9.9
Mill Cove-Boothbay 2 0.0206 0.1998 10.3
Mill Cove-Boothbay 3 0.0206 0.2059 10.0
Mill Cove-Boothbay 4 0.0200 0.2063 9.7
Mill Cove-Boothbay 4 rep 0.0195 0.2013 9.7
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TABLE 1.2.2 HEAVY METALSIN 2000 BLUE MUSSEL TISSUE SAMPLES (ww)

Station Ag mg/kg Al mg/kg Cd mg/kg Cr mg/kg Cu mg/kg Fe mg/kg Ni mg/kg Pb mg/kg Zn mqg/kg
DL DL DL DL DL DL DL DL DL
0.050 0.50 0.05 0.10 0.50 1.25 0.10 0.10 0.25
Belfast 1 <0.050 16.79 0.14 0.13 0.85 26.75 <0.10 0.27 9.71
Belfast 1 rep <0.050 16.70 0.15 0.13 0.86 27.17 <0.10 0.29 9.93
Belfast 2 <0.050 21.13 0.16 0.14 0.97 32.47 <0.10 0.30 11.20
Belfast 3 <0.050 15.03 0.13 0.12 0.76 24.08 <0.10 0.20 9.10
Belfast 4 <0.050 18.76 0.12 0.14 1.03 28.41 <0.10 0.19 10.81
BHB Falls 1 <0.050 21.62 0.13 0.14 0.87 25.40 <0.10 0.15 7.07
BHB Falls 2 <0.050 25.30 0.14 0.14 0.77 27.91 <0.10 0.19 8.45
BHB Falls 3 <0.050 20.19 0.12 0.11 0.71 23.74 <0.10 0.15 6.70
BHB Falls 4 <0.050 20.74 0.13 0.10 0.53 24.76 <0.10 0.18 7.14
Dunnls 1 <0.050 30.90 0.14 0.15 0.83 34.46 <0.10 0.19 6.12
Dunnls 1rep <0.050 32.59 0.13 0.15 0.75 36.83 <0.10 0.20 6.19
DunnIs 2 <0.050 32.37 0.13 0.15 0.87 35.61 <0.10 0.16 6.13
Dunnls 3 <0.050 25.79 0.11 0.13 0.49 29.13 <0.10 0.14 5.81
Dunn s 4 <0.050 60.58 0.12 0.29 0.98 53.06 0.13 0.20 5.88
Mill Cove 1 <0.050 24.86 0.09 0.14 1.28 32.33 <0.10 1.13 9.71
Mill Cove 2 <0.050 32.10 0.09 0.14 1.24 38.07 <0.10 1.20 8.60
Mill Cove 3 <0.050 24.38 0.09 0.16 1.19 33.66 <0.10 1.37 11.56
Mill Cove 4 <0.050 25.04 0.08 0.17 1.47 33.56 <0.10 1.00 10.34
Outer Hbr 1 <0.050 12.92 0.10 0.13 1.06 23.77 <0.10 0.52 6.66
Outer Hbr 2 <0.050 14.12 0.15 0.13 0.76 23.14 <0.10 0.63 7.62
Outer Hbr 3 <0.050 10.81 0.12 0.11 1.17 19.54 <0.10 0.60 7.60
Outer Hbr 4 <0.050 11.45 0.11 0.11 0.67 19.39 <0.10 0.49 5.91
SW Hbr 1 <0.050 17.88 0.09 0.14 0.84 31.21 <0.10 0.67 6.30
SW Hbr 2 <0.050 21.19 0.10 0.13 0.90 32.88 <0.10 0.66 6.94
SW Hbr 3 <0.050 14.54 0.10 0.13 0.83 28.79 <0.10 0.70 6.70
SW Hbr 4 <0.050 15.29 0.09 0.17 1.06 29.08 <0.10 0.71 6.16
West Hbr 1 <0.050 15.87 0.10 0.11 0.92 20.54 <0.10 0.49 9.67
West Hbr 1 rep  <0.050 15.28 0.11 0.10 0.94 20.23 <0.10 0.48 9.70
West Hbr 2 <0.050 18.05 0.11 0.12 0.96 21.74 <0.10 0.44 10.94
West Hbr 3 <0.050 19.83 0.11 0.12 1.03 23.87 <0.10 0.44 12.55
West Hbr 4 <0.050 19.43 0.10 0.11 0.79 22.63 <0.10 0.39 11.56
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Station Ag mg/kg Al mg/kg Cd mg/kg Cr mg/kg Cu mg/kg Fe mg/kg Ni mg/kg Pb mg/kg Zn mag/kg

DL DL DL DL DL DL DL DL DL
0.050 0.50 0.05 0.10 0.50 1.25 0.10 0.10 0.25
Belfast 1 <0.56 151.30 1.25 1.17 7.63 240.96 <1.11 2.42 87.50
Belfast 1 rep <0.56 150.41 1.31 1.18 7.77 244.82 <1.11 2.59 89.44
Belfast 2 <0.56 179.06 1.34 1.21 8.26 275.17 <1.11 2.52 94.92
Belfast 3 <0.56 141.82 1.22 1.11 7.14 227.20 <1.11 1.89 85.84
Belfast 4 <0.56 165.98 1.08 1.28 9.12 251.42 <1.11 1.65 95.66
BHB Falls 1 <0.56 193.03 1.13 1.23 7.78 226.83 <1l.11 1.35 63.16
BHB Falls 2 <0.56 214.39 1.22 1.15 6.57 236.54 <1.11 1.65 71.59
BHB Falls 3 <0.56 190.44 1.17 1.03 6.66 223.94 <1l.11 1.40 63.20
BHB Falls 4 <0.56 183.57 1.15 0.84 4.73 219.12 <1.11 1.58 63.14
Dunnlis1 <0.56 286.09 1.28 1.38 7.66 319.06 <1.11 1.78 56.66
Dunnlis 1rep <0.56 301.77 1.23 1.37 6.90 341.01 <1.11 1.89 57.29
Dunn s 2 <0.56 326.97 1.34 151 8.75 359.67 <1.11 1.65 61.87
Dunnis 3 <0.56 255.31 1.09 1.33 4.85 288.44 <1.11 1.42 57.49
Dunnls 4 <0.56 605.82 1.21 2.90 9.82 530.64 1.33 2.03 58.81
Mill Cove 1 <0.56 251.09 0.91 1.42 12.90 326.61 <1l.11 11.38 98.08
Mill Cove 2 <0.56 311.66 0.84 1.41 12.06 369.63 <l.11 11.69 83.48
Mill Cove 3 <0.56 243.77 0.94 1.63 11.95 336.64 <1.11 13.69 115.60
Mill Cove 4 <0.56 258.13 0.83 1.73 15.20 345.98 <l.11 10.27 106.61
Outer Hbr 1 <0.56 138.94 1.09 1.42 11.40 255.61 <1.11 5.57 71.59
Outer Hbr 2 <0.56 156.87 1.64 1.39 8.47 257.13 <1.11 6.96 84.67
Outer Hbr 3 <0.56 120.07 1.34 1.21 13.05 217.11 <1.11 6.69 84.43
Outer Hbr 4 <0.56 131.64 1.32 131 7.72 222.85 <1.11 5.65 67.89
SW Hbr 1 <0.56 140.75 0.74 1.07 6.58 245.74 <1.11 5.27 49.61
SW Hbr 2 <0.56 163.01 0.79 0.99 6.92 252.94 <1.11 5.06 53.40
SW Hbr 3 <0.56 113.58 0.79 1.02 6.45 224.95 <1.11 5.49 52.37
SW Hbr 4 <0.56 122.34 0.72 1.33 8.47 232.64 <1l.11 5.68 49.31
West Hbr 1 <0.56 136.84 0.90 0.93 7.95 177.04 <1l.11 4.23 83.39
West Hbr 1 rep  <0.56 131.72 0.94 0.89 8.06 174.36 <1.11 4.18 83.59
West Hbr 2 <0.56 161.16 0.94 1.07 8.53 194.14 <1.11 3.97 97.69
West Hbr 3 <0.56 185.33 1.07 1.09 9.66 223.04 <1.11 4.14 117.27
West Hbr 4 <0.56 161.91 0.82 0.88 6.56 188.56 <1.11 3.28 96.33
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TABLE 1.2.4 PESTICIDE ANALY SIS REPORT

DEP ID# Belfast Hbr. 1 Belfast Hbr. 2 Belfast Hbr. 3 Belfast Hbr. 4

PQL (ug/Kg,dry

Analytes weight)

Hexachlorobenzene 0.5 <DL <DL <DL <DL
Lindane 0.5 <DL <DL <DL <DL
Heptachlor 0.5 <DL <DL <DL <DL
Aldrin 0.5 <DL <DL <DL <DL
Heptachlor Epoxide 0.5 <DL <DL <DL <DL
2,4-DDE 1.0 7.97 0.84 12.96 6.78
Endosulfan | 1.0 <DL <DL <DL <DL
Chlordane (a) 1.0 <DL <DL <DL <DL
Nonachlor 1.0 <DL <DL <DL <DL
4,4-DDE 1.0 <DL <DL <DL <DL
Dieldrin 0.5 <DL <DL <DL <DL
Endosulfan 11 1.0 <DL <DL <DL <DL
2,4-DDD 1.0 <DL <DL <DL <DL
4,4-DDD 1.0 3.82 0.95 6.67 2.98
2,4-DDT 1.0 13.9 2.16 335 16.1
4,4-DDT 1.0 <DL <DL <DL <DL
Mirex 1.0 <DL <DL <DL <DL
Sample weight (g, dry weight) 24.8 19.0 18.4 25.5
% Solids 28.7 25.6 24.9 28.2

The tissue blank is an oil matrix.
Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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DEP ID#

Analytes

Hexachlorobenzene
Lindane
Heptachlor

Aldrin

Heptachlor Epoxide
2,4-DDE
Endosulfan |
Chlordane (a)
Nonachlor
4,4-DDE

Dieldrin
Endosulfan |1
2,4-DDD

4,4-DDD

2,4-DDT

4,4-DDT

Mirex

PQL (ug/Kg,dry
weight)

0.5
0.5
05
05
05
1.0
1.0
1.0
1.0
1.0
0.5
1.0
1.0
1.0
1.0
1.0
1.0

Sample weight (g, dry weight)

% Solids

The tissue blank is an oil matrix.
Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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Boothbay W. Boothbay Boothbay Boothbay Mill
W.Hbr.3 W.Hbr. 4

Hbr. 1

<DL
<DL
<DL
<DL
<DL
7.48
<DL
<DL
<DL
<DL
<DL
<DL
<DL
10.48
22.3
251
<DL

21.9
27.2

<DL
<DL
<DL
<DL
<DL

31.22

<DL
<DL
<DL
<DL
<DL
<DL
494
7.94
90.1
3.71
<DL

25.1
313

<DL
<DL
<DL
<DL
<DL

31.27

<DL
<DL
<DL
<DL
<DL
<DL
4,15
52.5
91.1
5.45
<DL

20.0
24.1

Cove3

<DL
<DL
<DL
<DL
<DL
8.85
<DL
<DL
<DL
<DL
<DL
<DL
<DL
5.02
17.9
<DL
<DL

24.5
27.8

Boothbay Mill
Cove4

<DL
<DL
<DL
<DL
<DL
3.98
<DL
<DL
<DL
<DL
<DL
<DL
<DL
3.15
9.03
<DL
<DL

21.6
24.7



Englishman's Englishman's Englishman's Blue Hill- Goose BlueHill-  Southwest

DEP ID# Bay 1 Bay 2 Bay 3 Falls1 Goose Falls4  Hbr. 2

1551 1552 1553 1547 1548 1539

PQL
(ug/Kg,dr

Analytes y weight)
Hexachlorobenzene 0.5 <DL <DL <DL <DL <DL <DL
Lindane 0.5 <DL <DL <DL <DL <DL <DL
Heptachlor 0.5 <DL <DL <DL <DL <DL <DL
Aldrin 05 <DL <DL <DL <DL <DL <DL
Heptachlor Epoxide 0.5 <DL <DL <DL <DL <DL <DL
2,4-DDE 1.0 2.53 9.48 21.7 0.96 10.3 4.20
Endosulfan | 1.0 <DL <DL <DL <DL <DL <DL
Chlordane (a) 10 <DL <DL <DL <DL <DL <DL
Nonachlor 1.0 <DL <DL <DL <DL <DL <DL
4,4-DDE 1.0 <DL <DL <DL <DL <DL <DL
Dieldrin 0.5 <DL <DL <DL <DL <DL <DL
Endosulfan |1 1.0 <DL <DL <DL <DL <DL <DL
2,4-DDD 1.0 <DL <DL <DL <DL <DL <DL
4,4-DDD 1.0 2.84 8.60 <DL 0.96 6.24 2.23
2,4-DDT 1.0 6.96 22.2 35.2 2.71 20.0 7.03
4.4-DDT 1.0 <DL <DL <DL <DL <DL <DL
Mirex 1.0 <DL <DL <DL <DL <DL <DL
Sample weight (g, dry weight) 19.4 19.3 18.5 25.1 25.8 19.8
% Solids 24.5 23.9 24.0 27.2 30.0 33.3

The tissue blank is an oil matrix.
Values below the detection limit are estimated val ues and should be considered qualitative.
They are provided for information only.
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TABLE 1.2.5 PCB ANALY SIS REPORT

Analytes

2,4’ -Dichlorobiphenyl

2,2' 5-Trichlorobiphenyl

2,4,4 -Trichlorobiphenyl
2,4,5-Trichlorobiphenyl

2,2' 3,5 -Tetrachl orobiphenyl

2,2’ 4,6-Tetrachlorobiphenyl

2,2 5,5 -Tetrachlorobipheny!

2,3 ,4,4 -Tetrachlorobi phenyl
2,2',3,4,5 -Pentachl orobiphenyl

2,2 ,4,5,5' -Pentachl orobi phenyl
2,2',4,6,6' -Pentachl orobi phenyl
2,2',3,3',4,4' -Hexachl orobiphenyl
2,2',3,4,4' 5 -Hexachl orobiphenyl

2,2' 4,4 5,5 -Hexachl orobiphenyl

2,2 ,4,4' 5,6"-Hexachl orobiphenyl

2,2' 3,4’ 5,5 ,6-Heptachlorobiphenyl
2,2 ,3,4',5,6,6' -Heptachlorobiphenyl
2,2',3,3',4,4",5,6-Octachl orobi phenyl
2,2',3,3,4,5,6,6'-Octachlorobiphenyl
2,2',3,3,4,4 5,5 ,6,6'-Decachlorobiphenyl

Total PCBs

Sample weight (g, dry weight)
% Solids

Surrogate Recovery (%)

The tissue blank is an oil matrix.

IUPACH#

8
18
28
29
44
50
52
66
87

101
104
128
138
153
154
187
188
195
200
209

% rec (65-135)

PQL (ug/Kg,
dry weight)

05
05
05
05
05
0.5
0.5
0.5
0.5
0.5
0.5
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
20

Belfast Belfast Belfast

Hbr. 1

<DL
2.45
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
1.01
<DL
<DL
1.02
<DL
1.26
<DL
<DL
1.06
1.85

36.6

24.8
28.7

82.3

Hbr. 2

<DL
<DL
<DL
<DL
<DL
<DL
0.61
0.58
<DL
0.66
1.45
<DL
<DL
0.77
<DL
1.89
<DL
<DL
1.87
2.01

41.7

19.0
25.6

108.0

Values below the detection limit are estimated values and should be considered qualitative.

1.12

Hbr. 3

0.35
2.71
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.89
<DL
2.06
<DL
<DL
1.66
1.97

40.8

18.4
24.9

65.3

Belfast
Hbr. 4

0.24
1.72
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
1.54
<DL
1.44
<DL
<DL
2.25
3.01

43.2

25.5
28.2

101.0



PQL (UugKg, Boothbay Boothbay Boothbay Boothbay Boothbay

Analytes IUPAC#  dryweight) W.Hbr.1 W.Hbr.3 W.Hbr.4 Mill Cove3 Mill Cove4
2,4 -Dichlorobiphenyl 8 05 <DL <DL 0.36 0.61 0.27
2,2’ 5-Trichlorobiphenyl 18 05 2.87 <DL <DL 255 155
2,4,4 -Trichlorobiphenyl 28 05 <DL <DL <DL <DL <DL
2,4,5-Trichlorohiphenyl 29 05 <DL <DL <DL <DL <DL
2,2' 3,5 -Tetrachl orobiphenyl a4 05 <DL <DL <DL <DL <DL
2,2’ 4,6-Tetrachlorobiphenyl 50 05 <DL <DL <DL <DL <DL
2,2 5,5 -Tetrachlorobiphenyl 52 05 <DL <DL <DL <DL <DL
2,3 4,4 -Tetrachl orobiphenyl 66 05 <DL <DL <DL <DL <DL
2,2',3,4,5 -Pentachl orobiphenyl 87 05 <DL <DL <DL <DL <DL
2,2 ,45,5' -Pentachl orobiphenyl 101 05 <DL 041 0.37 041 0.62
2,2' 4,6,6'-Pentachlorobiphenyl 104 05 <DL <DL <DL <DL <DL
2,2 3,3 4,4 -Hexachlorobiphenyl 128 10 <DL <DL <DL <DL <DL
2,2 3445 -Hexachlorobiphenyl 138 10 116 102 0.75 0.55 0.61
2,244 55 -Hexachlorobiphenyl 153 10 <DL <DL <DL <DL <DL
2,244 5,6 -Hexachlorobiphenyl 14 10 0.71 0.85 0.55 048 0.35
2,234 55 ,6-Heptachlorobiphenyl 187 10 <DL <DL <DL <DL <DL
2,2 34 5,6,6'-Heptachl orobiphenyl 188 10 <DL <DL <DL <DL <DL
2,2 3,3 44 5,6-Octachlorobiphenyl 195 10 158 221 126 <DL <DL
2,2 33,45 ,6,6' -Octachlorobiphenyl 200 10 169 203 225 0.98 155
2,233 ,44 55 ,6,6'-Decachlorobiphenyl 209 20 0.98 125 1.69 155 203
Totd PCBs 31 329 30.6 30.2 296
Sampleweight (g, dry weight) 219 251 200 245 216
% Solids 272 313 24.1 278 247
Surrogate Recovery (%) % rec (65-135) 772 674 109 1200 126.0

Thetissue blank isan oil matrix.
Vaues below the detection limit are estimated values and should be considered qudlitative.
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PQL (ug/Kg, Englishman's Englishman's Englishman's

Analytes IUPAC#  dryweight) Bay 1 Bay 2 Bay 3
2,4 -Dichlorobiphenyl 8 05 <DL 0.54 0.74
2,2' 5-Trichlorobiphenyl 18 0.5 0.80 2.13 6.22
2,4,4' -Trichlorobiphenyl 28 0.5 <DL <DL <DL
2,4,5-Trichlorobiphenyl 29 0.5 <DL <DL <DL
2,2',3,5'-Tetrachlorobiphenyl 44 0.5 <DL <DL <DL
2,2' ,4,6-Tetrachlorobiphenyl 50 0.5 <DL <DL <DL
2,2' 5,5 -Tetrachlorobiphenyl 52 0.5 <DL <DL <DL
2,3 ,4,4' -Tetrachlorobiphenyl 66 0.5 0.66 <DL 0.51
2,2',3,4,5 -Pentachl orobiphenyl 87 0.5 <DL <DL <DL
2,2',4,5,5 -Pentachl orobi phenyl 101 0.5 <DL <DL <DL
2,2’ ,4,6,6 -Pentachl orobi phenyl 104 0.5 <DL <DL <DL
2,2 3,3 ,4,4 -Hexachl orobiphenyl 128 1.0 <DL <DL <DL
2,2',3,4,4' 5 -Hexachl orobiphenyl 138 1.0 <DL <DL <DL
2,2' 4.4 5,5 -Hexachl orobiphenyl 153 10 <DL <DL <DL
2,2',4,4' 5,6'-Hexachlorobiphenyl 154 1.0 <DL <DL <DL
2,2',3,4 5,5 ,6-Heptachl orobiphenyl 187 1.0 <DL <DL <DL
2,2' 3,4 ,5,6,6'-Heptachlorobipheny! 188 1.0 <DL <DL <DL
2,2 3,3 ,4,4",5,6-Octachl orobiphenyl 195 1.0 <DL <DL <DL
2,2' 3,3 4,5 ,6,6'-Octachlorobipheny! 200 1.0 <DL 0.91 1.21
2,2',3,3,4,4 5,5 ,6,6'-Decachl orobiphenyl 209 20 1.69 1.78 151
Total PCBs 13.3 22.7 43.1
Sample weight (g, dry weight) 19.4 19.3 18.5
% Solids 24.5 239 24.0
Surrogate Recovery (%) % rec (65-135) 84.9 71.6 73.5

The tissue blank is an oil matrix.
Values below the detection limit are estimated values and should be considered qualitative.
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Analytes

2,4’ -Dichlorobiphenyl

2,2' 5-Trichlorobiphenyl

2,4,4' -Trichlorobiphenyl
2,4,5-Trichlorobiphenyl

2,2',3,5' -Tetrachlorobiphenyl

2,2’ ,4,6-Tetrachlorobipheny!

2,2' 5,5 -Tetrachlorobiphenyl

2,3 ,4,4 -Tetrachl orobiphenyl
2,2',3,4,5 -Pentachl orobiphenyl

2,2 ,4,5,5 -Pentachl orobipheny!
2,2',4,6,6' -Pentachl orobiphenyl
2,2',3,3 ,4,4 -Hexachlorobiphenyl
2,2',3,4,4' 5 -Hexachlorobiphenyl

2,2 ,4,4 5,5 -Hexachlorobiphenyl
2,2',4,4 5,6'-Hexachlorobiphenyl

2,2’ ,3,4' 5,5 ,6-Heptachl orobi phenyl
2,2',3,4',5,6,6"-Heptachl orobi phenyl
2,2',3,3',4,4 5,6-Octachl orobiphenyl
2,2',3,3,4,5',6,6'-Octachlorobipheny!l
2,2',3,3,4,4 5,5 ,6,6'-Decachl orobiphenyl

Total PCBs

Sample weight (g, dry weight)
% Solids

Surrogate Recovery (%)

The tissue blank is an oil matrix.

Values below the detection limit are estimated values and should be considered qualitative.
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IUPACH#

8
18
28
29
44
50
52
66
87

101
104
128
138
153
154
187
188
195
200
209

% rec (65-135)

PQL (ug/Kg,

dry weight) Goose Falls1 Goose Falls 4

05
05
05
05
05
05
05
05
0.5
0.5
0.5
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0

Blue Hill-

<DL
0.72
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
1.05
<DL

11.3

25.1
27.2

68.5

Blue Hill-

0.52
4.97
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
1.35
<DL

29.0

25.8
30.0

103.0

Southwest
Hbr. 2

<DL
0.71
<DL
<DL
<DL
0.45
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.51
<DL
<DL
<DL
<DL
<DL

14.5

19.8
33.3

814



TABLE 1.2.6 PAH ANALY SIS REPORT

DL (ug/Kg
Analytes dry weight) BelfastHbr.1 BelfastHbr.2 BelfastHbr.3 Belfast Hbr. 4
naphthalene 1.0 <DL 0.60 0.32 <DL
1-methyl naphthalene 1.0 <DL 22.4 14.7 10.6
2-methylnaphthalene 1.0 0.75 3.05 11.1 2.14
biphenyl 1.0 <DL <DL <DL <DL
2,6-dimethylnaphthalene 1.0 <DL 2.60 <DL <DL
acenaphthylene 1.0 0.50 0.65 1.19 0.85
acenaphthene 1.0 <DL 0.80 <DL <DL
2,3,5-trimethylnaphthal ene 1.0 <DL <DL <DL <DL
fluorene 1.0 <DL <DL <DL <DL
phenanthrene 1.0 1.13 2.45 2.60 2.48
anthracene 1.0 2.63 4.65 4.84 6.11
1-methylphenanthrene 1.0 2.33 2.05 3.93 2.22
fluoranthrene 1.0 9.21 7.95 10.9 121
pyrene 1.0 13.0 14.2 17.1 15.0
benz(a)anthracene 1.0 9.29 10.5 17.4 12.6
chrysene 1.0 4.46 5.50 7.95 5.81
benzo(b)fluoranthene 20 11.6 9.00 9.95 7.65
benzo(k)fluoranthene *
benzo(a) pyrene 20 2.75 4.10 5.21 141
benzo(e)pyrene 20 <DL 1.15 1.00 <DL
perylene 20 <DL <DL <DL <DL
ideno(1,2,3-cd)pyrene 20 <DL <DL <DL <DL
dibenz(a,h)anthracene *
benzo(g,h,i)perylene 20 <DL <DL <DL <DL
% Lipids 0.82 2.13 1.73 1.36
Sample weight (g, dry weight) 24.0 20.0 219 23.4
% Solids 28.7 25.6 24.9 28.2
Surrogates
Nitrobenzene-d5 65-135
2-Fluorobiphenyl 65-135
p-Terphenyl 65-135

* Benzo(K)fluoranthrene coelutes with Benzo(b)fluoranthrene.

** Dibenz(a,h)anthracene coelutes with ideno(1,2,3-cd)pyrene.

Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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DL (ug/Kg Boothbay Boothbay W. Boothbay W. Boothbay W.

Analytes dry weight) W.Hbr. 1 Hbr. 2 Hbr. 3 Hbr. 4
naphthalene 1.0 <DL 111 <DL 1.29
1-methyl naphthalene 1.0 <DL 17.4 2.60 17.6
2-methylnaphthal ene 1.0 <DL 1.61 1.90 3.15
biphenyl 1.0 <DL <DL <DL <DL
2,6-dimethylnaphthalene 1.0 <DL 3.07 <DL 2.20
acenaphthylene 1.0 0.33 0.70 0.75 112
acenaphthene 1.0 <DL 1.16 0.50 <DL
2,3,5-trimethylnaphthalene 1.0 <DL 6.33 3.05 <DL
fluorene 1.0 <DL 0.60 <DL <DL
phenanthrene 1.0 0.95 3.67 1.70 3.24
anthracene 1.0 3.20 9.05 3.90 7.18
1-methylphenanthrene 1.0 1.78 3.52 2.60 2.45
fluoranthrene 1.0 6.51 38.3 19.6 24.3
pyrene 1.0 4.44 18.2 7.15 9.25
benz(a)anthracene 1.0 4.27 5.98 6.70 12.0
chrysene 1.0 2.49 13.6 5.70 9.54
benzo(b)fluoranthene 2.0 2.12 28.0 17.2 6.76
benzo(k)fluoranthene *

benzo(a) pyrene 20 1.20 7.34 2.00 4.69
benzo(e)pyrene 20 <DL <DL <DL 141
perylene 20 <DL <DL <DL <DL
ideno(1,2,3-cd)pyrene 20 <DL <DL <DL <DL
dibenz(a,h)anthracene *

benzo(g,h,i)perylene 20 <DL 10.2 <DL <DL
% Lipids 2.10 1.02 2.62 291
Sample weight (g, dry weight) 24.1 19.9 20.0 24.1
% Solids 27.2 20.3 31.3 24.1
Surrogates

Nitrobenzene-d5 65-135

2-Fluorobiphenyl 65-135

p-Terphenyl 65-135

* Benzo(k)fluoranthrene coelutes with Benzo(b)fluoranthrene.

** Dibenz(a,h)anthracene coelutes with ideno(1,2,3-cd)pyrene.

Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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DL (ug/Kg Boothbay Boothbay  Boothbay Mill Boothbay Mill

Analytes dry weight)  Mill Cove1l Mill Cove?2 Cove 3 Cove4
naphthalene 1.0 3.20 0.52 1.70 1.05
1-methyl naphthalene 1.0 37.9 13.2 325 27.6
2-methylnaphthal ene 1.0 8.35 2.38 7.05 3.55
biphenyl 1.0 <DL <DL 1.30 0.93
2,6-dimethylnaphthalene 10 3.45 <DL 3.95 2.38
acenaphthylene 1.0 8.30 4.00 5.05 5.24
acenaphthene 1.0 <DL 1.14 1.45 0.97
2,3,5-trimethylnaphthalene 1.0 4.65 3.05 3.00 2.98
fluorene 1.0 3.35 <DL 2.10 1.69
phenanthrene 1.0 14.3 8.90 8.70 6.57
anthracene 1.0 26.7 18.3 19.8 18.6
1-methylphenanthrene 1.0 7.00 5.71 5.65 3.31
fluoranthrene 1.0 136 103 79.8 112
pyrene 1.0 147 91.8 80.6 80.2
benz(a)anthracene 1.0 110 40.1 50.2 104
chrysene 1.0 95.6 43.4 49.7 32.7
benzo(b)fluoranthene 20 157 46.3 70.6 97.9
benzo(k)fluoranthene *

benzo(a) pyrene 20 24.8 14.2 19.1 7.34
benzo(e)pyrene 20 5.30 <DL 3.40 1.13
perylene 20 <DL <DL <DL <DL
ideno(1,2,3-cd)pyrene 20 36.2 13.9 21.4 15.1
dibenz(a,h)anthracene *

benzo(g,h,i)perylene 20 <DL <DL <DL <DL
% Lipids 3.32 111 1.70 1.04
Sample weight (g, dry weight) 20.0 21.0 20.0 24.8
% Solids 20.4 23.9 27.8 24.7
Surrogates

Nitrobenzene-d5 65-135

2-Fluorobiphenyl 65-135

p-Terphenyl 65-135

* Benzo(k)fluoranthrene coelutes with Benzo(b)fluoranthrene.

** Dibenz(a,h)anthracene coelutes with ideno(1,2,3-cd)pyrene.

Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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DL (ug/Kg Boothbay  Boothbay Outer Boothbay Outer Boothbay Outer

Analytes dry weight)  Outer Hbr. 1 Hbr. 2 Hbr. 3 Hbr. 4
naphthalene 1.0 1.34 <DL 0.55 <DL
1-methyl naphthalene 1.0 7.31 3.47 24.6 1.37
2-methylnaphthalene 1.0 1.27 0.84 3.18 0.62
biphenyl 10 0.62 <DL <DL <DL
2,6-dimethylnaphthalene 1.0 1.08 1.99 <DL <DL
acenaphthylene 1.0 0.65 0.96 1.49 <DL
acenaphthene 1.0 1.08 1.08 1.29 <DL
2,3,5-trimethylnaphthalene 1.0 1.34 2.43 <DL <DL
fluorene 1.0 1.09 1.35 3.08 1.00
phenanthrene 1.0 4.53 7.33 16.9 7.39
anthracene 1.0 26.6 23.0 69.6 40.1
1-methylphenanthrene 1.0 2.15 3.39 4.13 2.45
fluoranthrene 1.0 163 311 106 48.4
pyrene 1.0 46.5 37.8 63.8 42.3
benz(a)anthracene 1.0 80.6 30.9 87.0 334
chrysene 1.0 34.7 13.9 32.6 16.6
benzo(b)fluoranthene 2.0 48.4 34.3 73.6 22.0
benzo(k)fluoranthene *

benzo(a) pyrene 20 7.86 1.95 6.72 4.56
benzo(e)pyrene 20 4.15 2.07 244 2.57
perylene 20 <DL <DL <DL <DL
ideno(1,2,3-cd)pyrene 2.0 36.5 8.05 20.0 154
dibenz(a,h)anthracene *

benzo(g,h,i)perylene 20 0.79 <DL <DL <DL
% Lipids 1.48 0.57 2.08 1.36
Sample weight (g, dry weight) 20.0 25.1 20.1 24.1
% Solids 19.7 22.9 18.5 18.6
Surrogates

Nitrobenzene-d5 65-135

2-Fluorobiphenyl 65-135

p-Terphenyl 65-135

* Benzo(k)fluoranthrene coel utes with Benzo(b)fluoranthrene.

** Dibenz(a,h)anthracene coelutes with ideno(1,2,3-cd)pyrene.

Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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Analytes

naphthalene

1-methyl naphthalene
2-methylnaphthalene
biphenyl
2,6-dimethylnaphthalene
acenaphthylene
acenaphthene
2,3,5-trimethylnaphthalene
fluorene

phenanthrene
anthracene
1-methylphenanthrene
fluoranthrene

pyrene
benz(a)anthracene
chrysene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(a) pyrene
benzo(e)pyrene
perylene
ideno(1,2,3-cd)pyrene
dibenz(a,h)anthracene
benzo(g,h,i)perylene

% Lipids

Sample weight (g, dry weight)

% Solids

Surrogates
Nitrobenzene-d5
2-Fluorobiphenyl
p-Terphenyl

DL (ug/Kg
dry weight)

10
10
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
20
*
20
2.0
2.0
2.0

*%*

2.0

65-135
65-135
65-135

Englishman's
Bay 1

<DL
18.0
2.49
<DL
<DL
<DL
<DL
<DL
<DL
1.88
2.96
1.97
211
1.88
2.44
1.69
<DL

1.74
0.75
<DL
<DL

<DL
1.61

21.3
24.5

* Benzo(k)fluoranthrene coel utes with Benzo(b)fluoranthrene.
** Dibenz(a,h)anthracene coelutes with ideno(1,2,3-cd)pyrene.
Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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Englishman's
Bay 2

<DL
8.99
1.64
<DL
<DL
<DL
<DL
2.95
<DL
1.69
4.59
1.69
2.95
1.84
2.80
1.30
<DL

1.40
1.21
<DL
0.87

<DL
1.85

20.7
23.9

Englishman's
Bay 3

0.60
22.0
2.74
<DL
<DL
<DL
0.70
<DL
<DL
2.19
6.56
2.19
3.07
2.47
5.72
1.53
<DL

1.07
0.88
<DL
<DL

<DL
1.69

21.5
24.0

Englishman's
Bay 4

0.60
24.5
5.07
<DL
2.89
<DL
<DL
3.43
<DL
2.84
7.06
2.24
2.79
1.64
<DL
<DL
<DL

3.83
2.89
<DL
<DL

<DL
1.27

20.1
25.6



DL (ug’/Kg  BlueHill- Blue Hill- Blue Hill- Blue Hill-

Analytes dry weight) Goose Falls1 Goose Falls2 Goose Falls 3 Goose Falls 4
naphthalene 1.0 <DL <DL 1.45 <DL
1-methyl naphthalene 1.0 7.40 12.0 26.9 7.16
2-methylnaphthal ene 1.0 1.64 2.90 4.10 1.52
biphenyl 1.0 <DL <DL <DL <DL
2,6-dimethylnaphthalene 1.0 <DL 2.30 <DL 1.84
acenaphthylene 1.0 <DL <DL <DL <DL
acenaphthene 1.0 0.60 <DL <DL 1.32
2,3,5-trimethylnaphthalene 1.0 2.40 3.30 3.30 2.40
fluorene 1.0 <DL <DL <DL 1.00
phenanthrene 1.0 0.84 2.45 1.60 4.20
anthracene 1.0 1.44 3.55 3.90 2.20
1-methylphenanthrene 1.0 1.68 2.95 2.20 2.68
fluoranthrene 1.0 0.88 2.15 1.40 2.08
pyrene 1.0 1.24 <DL <DL 1.04
benz(a)anthracene 1.0 1.36 <DL <DL <DL
chrysene 1.0 <DL <DL 1.90 <DL
benzo(b)fluoranthene 20 <DL <DL 5.40 <DL
benzo(k)fluoranthene *

benzo(a) pyrene 20 <DL <DL 3.20 <DL
benzo(e)pyrene 20 <DL <DL <DL <DL
perylene 20 <DL <DL <DL <DL
ideno(1,2,3-cd)pyrene 20 <DL <DL <DL <DL
dibenz(a,h)anthracene >

benzo(g,h,i)perylene 20 <DL <DL 3.50 0.64
% Lipids 0.31 0.49 2.33 0.52
Sample weight (g, dry weight) 25.0 20.0 20.0 25.0
% Solids 27.2 22.2 20.9 30.0
Surrogates

Nitrobenzene-d5 65-135

2-Fluorobiphenyl 65-135

p-Terphenyl 65-135

* Benzo(k)fluoranthrene coelutes with Benzo(b)fluoranthrene.

** Dibenz(a,h)anthracene coelutes with ideno(1,2,3-cd)pyrene.

Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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DL (ug/Kgdry Southwest Southwest Southwest Southwest

Analytes weight) Hbr. 1 Hbr. 2 Hbr. 3 Hbr. 4
naphthalene 1.0 <DL <DL 0.76 1.04
1-methyl naphthalene 1.0 4.80 6.60 26.5 25.8
2-methylnaphthalene 1.0 1.15 1.36 4.28 4.92
biphenyl 1.0 <DL <DL <DL <DL
2,6-dimethylnaphthalene 1.0 2.45 2.09 2.68 2.76
acenaphthylene 1.0 0.35 0.47 1.36 1.44
acenaphthene 1.0 <DL <DL <DL <DL
2,3,5-trimethylnaphthalene 1.0 3.50 2.47 5.00 5.28
fluorene 1.0 0.70 <DL 1.56 <DL
phenanthrene 1.0 3.60 2.26 5.60 6.44
anthracene 1.0 11.7 6.34 13.1 14.1
1-methylphenanthrene 1.0 4.00 3.32 4,72 6.80
fluoranthrene 1.0 10.1 5.11 10.0 12.3
pyrene 1.0 3.30 2.55 7.08 6.72
benz(a)anthracene 1.0 3.30 1.36 7.84 11.8
chrysene 1.0 3.30 1.74 4.32 6.00
benzo(b)fluoranthene 2.0 2.30 1.23 4.28 6.44
benzo(k)fluoranthene *

benzo(a) pyrene 20 155 0.89 2.48 452
benzo(e)pyrene 20 <DL <DL <DL 2.04
perylene 20 <DL <DL <DL <DL
ideno(1,2,3-cd)pyrene 20 <DL <DL <DL <DL
dibenz(a,h)anthracene *x

benzo(g,h,i)perylene 20 <DL <DL <DL <DL
% Lipids 1.00 0.39 0.82 3.10
Sample weight (g, dry weight) 20.0 23.5 25.0 25.0
% Solids 36.8 33.3 16.4 18.9
Surrogates

Nitrobenzene-d5 65-135

2-Fluorobiphenyl 65-135

p-Terphenyl 65-135

* Benzo(k)fluoranthrene coelutes with Benzo(b)fluoranthrene.

** Dibenz(a,h)anthracene coelutes with ideno(1,2,3-cd)pyrene.

Values below the detection limit are estimated values and should be considered qualitative.
They are provided for information only.
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MARI NE SPORTFI SH HEALTH ADVI SORY

Striped Bass There is a good sanple of Striped Bass in the Kennebec
(over 30 individual fish over various years. Limted data show
differences in total PCB concentrations anong sanpling | ocations, but
nore data are needed. A good sanple set of individual fish from
various locations is needed to get a better estinmate of a coastal
statewi de distribution for both nercury and PCB levels in striped
bass. These data will provide a better understanding of the current
fish consunption advi sory and any necessary nodifications. A total of
5-6 individual fish fromthe Androscoggin R ver near Brunsw ck, Saco
Bay, the Sheepscot Ri ver were analyzed for both nmercury and total
PCBs. Results indicate that nercury concentrations are relatively
simlar in striped bass anong all rivers (Table 1.3.1).
Concentrations in fish fromall rivers, except those from Saco Bay,
exceed the Maine Bureau of Health's Fish Tissue Action Level
(FTAL=0.2 ppmfor nmercury. PCB |levels are nore variable and seemto
be highest in the Androscoggin River and |lowest in the Kennebec

Ri ver. Most sanples exceed the FTAL (11 ppb) for PCB. It is curious
that nercury levels are nore simlar anong stations than are PCB

Bl uefish. There are only two data points on this species
for mercury and one for PCB. Fromthese data, it is

uncl ear whet her bl uefish have higher or |ower |evels of
nmercury and PCBs than striped bass. Mercury levels in

bl uefish caught in Scarborough R in 1998 were very simlar
(a bit lower) to levels in striped bass, but PCB | evels
wer e about 30% hi gher. Mdre data are needed. W have been
trying to collect 5 individual bluefish from2 |ocations
anal yzed for both nercury and total PCBs. But bl uefish have
been scarce the last few years and we were not successful
in collecting any in 2000. W will continue trying to

coll ect bluefish in future years.
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TABLE 1.3.1 MERCURY AND PCB LEVELSIN STRIPED BASS AND BLUEFISH

Waterbody Station Species 1995

& Location Code Code Hg
ppm
Androscoggin R
Brunswick
Kennebec R.
Augusta KAG STB
Phippsburg KRP STB 0.17, 0.53
KRP BLF 0.53
Saco Bay
Saco
Scar R.
Scarbrough SRS STB
BLF
Sheepscot R
Wiscasset SRW STB
Waterbody Station Species 1995
& Location Code Code Total
PCB
Androscoggin R. ppb
Brunswick ABK STB
Kennebec R.
Augusta KAG STB
Phippsburg KRP STB 17.4,22.4
KRP BLF 48.8
Saco Bay
Saco SACO STB

1.26

1997
Hg

ppm

0.33

1997
Total
PCB

ppb

11.8

1998
Hg

ppm

0.38

0.40

0.37
0.33

1998
Total
PCB

ppb
40.7

15.8

16.3

1999
Hg

ppm

0.32

1999
Total
PCB

ppb

10.7

2000
Hg

ppm

0.22

0.18

0.22

2000
Total
PCB

ppb
59.8
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2000 DATA

DEP Sample ID

STRIPED BASS

Androscoggin River, Brunswick

ARB-STB-1
ARB-STB-2
ARB-STB-3
ARB-STB-4
ARB-STB-5

MEAN

Sheepscot River, Wiscasset

SRW-STB-1
SRW-STB-2
SRW-STB-3
SRW-STB-4
SRW-STB-5
SRW-STB-6

MEAN

Saco River, Saco

SOS-STB-1
SOS-STB-2
SOS-STB-3
SOS-STB-4
SOS-STB-5
SOS-STB-6

MEAN

Raw 2000 PCB data may be seen at Table 3.1.1.1
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Length
mm

595
560
565
525
535
556

555
622
685
660
685
965
695

1117
666
660
660
660
647
735

HG
mg/kg

0.223
0.261
0.133
0.24
0.226
0.22

0.264
0.259
0.212
0.08
0.137
0.375
0.22

0.364
0.124
0.209
0.124
0.143
0.113
0.18
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SPATI AL AND TEMPORAL ASPECTS OF SEDI MENTARY CONTAM NANT
CONCENTRATI ONS | N THE TI DAL PORTI ONS OF THE
KENNEBEC/ ANDROSCOGG N RI VER SYSTEM

A Report to the
Surface Water Anmbient Toxics Monitoring Program

Mai ne Departnent of Environnmental Protection

by

Peter Foster Larsen, Ph.D.
Bi gel ow Laboratory for QOcean Sci ences
West Boot hbay Harbor, ME 04575

and
Henri E. Gaudette, Ph.D.

Uni versity of New Hanpshire
Dur ham NH 03824

April 2002



ABSTRACT

The concentrations of Cd, C, Cu, N, Pb, Sn and Zn in the
surface sedinments of 47 stations in the tidal
Kennebec/ Androscoggi n systemof the GQulf of Maine were
determ ned. For data anal ysis purposes the region was divided
into seven subregions consisting of five tributaries of
Merrynmeeting Bay, i.e. the Upper Kennebec, Middy, Cathance,
Abagadasset and Eastern Rivers, Merryneeting Bay proper and the
Lower Kennebec Ri ver connecting Merryneeting Bay and the Gulf of
Mai ne. Speci al enphasis was given to | ocating fine-grained
depositional areas in this generally energetic, coarse grained
system

Most stations exhibited elevated netal concentrations.
Statistically significant differences existed between the four
smal |l “local” tributaries and one or nore of the three station
groupi ngs representing the main stemof the system The
di stribution of netals indicated that the sources were the
upstream Kennebec and Androscoggi n wat ersheds. Metal levels in
t he upper reach of the | ower Kennebec estuary were higher than
found i medi ately upstream and downstream This distribution can
be expl ained by the existence of a turbidity maxi mnum

It is believed that the systemis in a dynam c equilibrium
wth regard to particle and contam nant deposition and that
further accunulation is negligible. This supports the hypothesis
of Larsen and CGaudette (1995) that the Kennebec and Androscoggin
wat er sheds are sources for contam nants observed in the
nearshore Gulf of Mai ne.

| NTRODUCTI ON

El evated | evel s of toxic contam nants in the water,

sedi nrents and biota of several estuaries and enbaynents of the
@ul f of Maine have been docunmented over the last three decades
(Arnmstrong, et al., 1976; Mayer and Fink, 1980; Lyons, et. al.
1978; ol dberg, et al., 1983; Larsen, et al., 1983a, 1983b, 1984,
Ray and MacKni ght, 1984; CGotthol m and Turgeon; 1991, Larsen and
Gaudette, 1995; Larsen, et al., 1997; others). Taken together,

t hese studi es suggest considerable variability in the degree of
enrichment as a function of source and transport mechanisns. A
review of the environnmental quality of the Gulf of Mine region
(Larsen, 1992) suggests that the area between Cape Elizabeth and
Boot hbay is particularly conplex and interesting. For instance,
in the first conprehensive baseline survey of Casco Bay proper,
Larsen, et al. (1983a) found all neasured netals but cadmumto
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be el evated wel | above pre-industrial |levels, as defined by
Lyons, et al., (1978). Geographic distributions suggested
ant hr opogeni ¢ i nputs associated with activities in and around
the conmmercially inportant Portland Harbor. Subsequently, the
NOAA National Status and Trends Program (NS&T) reported that
Casco Bay sedinents were noderately enriched with netals and
other toxics and that netal levels in livers of non-mgratory
fish collected near Cape Snall, not far fromthe nouth of the
Kennebec estuary, ranked high on both a Gulf of Maine and
national scale (Gottholmand Turgeon, 1991; Larsen 1992). Data
fromthe EPA Mussel Watch Program i ndi cated that nussels from
t he isolated and undevel oped Cape Newagen ranked surprisingly
high in lead and zinc content (Col dberg, et al., 1983; Larsen,
1992).

These patterns of toxics in both sedinments and biota over a
relatively large area denonstrate that the study area is
af fected by nunerous sources and conpl ex, dynam c processes.
Surveys of |limted geographic scope, while inportant for |ocal
managenent concerns, are inadequate for determ ning and
eval uating | arger scal e processes which may dom nate regi onal
fluxes of contam nants. One such | arger scale process that may
be inmportant in Maine's md-coast region is the renoval of

contam nants fromthe large (27,700 kn?), industrialized
Kennebec/ Androscoggi n Ri ver watershed and their passage through
the tidal reaches of the system including the energetic and
ecologically inportant Merryneeting Bay, into the nearshore CGulf
of Maine. Evidence fromthe distribution of heavy mnerals
(Ross, 1967), hydrographic nodeling (D. A Brooks, persona
comuni cati on) and anecdotal accounts of pul pwood drift support
this possibility. Mst recently, Stunpf and Gol dschm dt (1992)
used satellite imagery to show the devel opnent and di spersion of
a sedinmentary plunme fromthe Kennebec River estuary into the
@ulf of Maine as a result of a major (100 year) storm This one
event coul d have transported over 500,000 netric tons of

sedi nents and associ ated toxics through the estuary (R Stunpf,
per sonal conmuni cation), and the dispersion of the plune in the
days following the initial event could explain many of the
contam nant distributions noted in the above site-specific
studies. Cearly, baseline surveys were needed on appropriate
scal es to eval uate suspected operative nmechani sns.

Pronpted by the above reports of contam nant concentrations
in sedinments and biota from m d-coast Mi ne, Larsen and Gaudette
(1995) undertook, in 1991, a broad scale surficial sedinent
sanpling and anal ysis program Their goals were to docunent
geographic distributions of contam nants on a regional |evel and
to gain insight into possible sources and transport nechani sns.
Trace netals were used as surrogates for the suite of toxics
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nmovi ng through the region. Results reaffirned the suspicion that

t he Kennebec/ Androscoggi n system nay play a key role in regional

cont am nant dynam cs. They concluded that nore information was

needed for both scientists and managers to understand the

di stribution and novenents of contam nants in both space and

tinme.

As an initial step in building a detail ed understandi ng of

t he sources, nmovenents and deposition of contam nants in the

ti dal Kennebec/ Androscoggin system Dr. Henri Gaudette of the

University of New Hanpshire and a graduate student undertook a

focussed survey of the system Sanpling design and fiel dwork was

supervised by Dr. Peter Larsen as part of the Kennebec Area

Research Endownent program Once again, trace netals were used

as surrogates for all contam nants that are associated with fine

sedi nents and organic matter. Considerable effort was expended

to locate stations with sufficiently fine sedinments to provide a

valid characterization of netal |evels and distributions.

The resulting 1992 data set consisted of 47 stations
between Hallowell, ME (52 kminland) and the | ower Kennebec

Ri ver estuary. Wth the exception of the | ower Kennebec estuary,

this system may be characterized as tidal fresh water. The

di stribution of stations within river segnments is as follows:

Lower Kennebec River(9), Merryneeting Bay (includes |ower

Androscoggin River) (6), Upper Kennebec River (13), Middy River

(4), Cathance River (7), Abagadasset River (3) and Eastern R ver

(5). The I ower Androscoggin River is included as part of

Merrymeeting Bay because no natural demarcation between themis

evident. On the other hand, whereas it is comonly accepted that

the northern [imt of Merryneeting Bay on the Kennebec River is
the Ri chnond Bridge, we followed the convention of nautical
charts and topographi c maps and call ed everything north of

Abagadasset Poi nt the upper Kennebec River. Abagadasset Point is

such a strong constriction that we assunmed that the water above

it is Kennebec water with only a slight dilution fromthe

Eastern River. Fine sedinents were sanpled in the above areas

and anal yzed for seven trace netals (Cd, C, Cu, Pb, Zn, Sn and

Ni) as well as major netals, grain size and organic carbon

content.

Specific goals of the investigation included:

- Docunent ati on of geographic distribution of netals in the
dynam ¢ Kennebec/ Androscoggi n system The distribution of
organi ¢ contam nants such as PAHs and di oxin should mrror
the nmetal distribution because of simlar affinities for fine
grai ned sedi nents and organi c particles.

To gain insights into | ocations of possible sources.
To gain insights into the generic activities which may
produce the contam nation.
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To gain insights into tenporal trends in sedi nent netal
concentrati ons.

METHODS

Forty-seven stations (Fig. 1, Appendix 1) were sanpled in
t he sunmer of 1992 using a small, acid-cleaned stainless steel
grab sanpler of our own design (HEG . Undi sturbed, surface
sedi nent sub-sanples (top 5 cm for trace netal analysis were
taken fromthe grab with acid-cleaned pl astic scoops,
transferred to clean pol yethyl ene zi p-lock bags and stored on
ice for return to the | aboratory. Separate sub-sanples were
taken for grain size analysis and organic matter determ nation.

Grain size distributions were determ ned by standard
sieving and pipette nethods (Fol k, 1968). Organic matter in the
sediments is expressed as percent weight loss on ignition
obtai ned by heating a representative, dried subsanple of the
sedinent to 540°C for 24 hours.

Trace netals were stripped off the sedinent particle
surfaces using the sane strong acid | each process as Larsen, et
al. (1983a). In brief, approximately 3 granms of dried sedi nment
(60°C, 18-24 hours) were accurately weighed into a 100 nl gl ass
beaker. Ten m of concentrated reagent HNO3 were added, and the

sanpl es evaporated to dryness. \Wen cool ed, each sanple received
5mM of 8 NHCO (wWv), 5m of 0.02 MCa(N33)2 - 4HO and 15 m
of an acid solution (80 m concentrated HNO3 pl us 20 n

concentrated HO diluted to 1 liter with MIIiQ water), and the
vol unmes were reduced on a hot plate to 10-15 nml. Cool ed sanpl es
were filtered using "Q' water; sedinment trapped on the filter
paper was washed several tinmes with "Q'" water, and the filtrate
was brought to 50 ml total volunme. These procedures have been
shown to renove “environnental ly avail able” metals w thout
destruction of the mneral matrix (Tessler, et al., 1979; d sen
et al., 1993).

The filtrates were anal yzed by Atom c Absorption
Spectronetry (AA) for Fe, Mh, Cd, Cr, Cu, N, Pb, Sn, and Zn,
and concentrations as ug/gramdry wei ght sedi nent were
cal cul at ed.

Anal ytical variability could not be determ ned by replicate

anal ysis of standard sedi ment sanples (U S. Geol ogi cal Survey
standard MAG 1 (Marine Mud) and National Institute of Standards
and Technol ogy SRM 1646 (estuarine nud)) since our extraction
procedure differed fromthe total dissolution procedures used to
determne the certified values. Therefore, we have made within
sanple replicate analyses to estinate anal ytical error. These
are: Cd 13.4% C 4.4% Cu 1.8% Pb 4.8% Zn 2.1% Sn 20.9% Ni
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2.4% Fe 5.9% and Mh 1.3% These uncertainty val ues are typica
of AA analyses with the exception of Sn which was influenced by
an outlier in the replicated sanples.

The data were normalized to the fine sedinent fraction by
dividing the nmetal concentrations by the fraction of the
sedi nent <63 pm( NOAA, 1988).

RESULTS

Results of the sedinent netal anal yses with the percentages
of fine sedinments and loss on ignition are presented in Table 1
Background material on concentrations of major netals, pre-
normal i zed trace netal concentrations, grain size calculations
and data and loss on ignition calculations are presented in
Appendi ces 2-5, respectively. Exam nation of the summary
statistics at the bottomof Table 1 denmponstrates that the
i ndi vi dual metal concentrations were distributed w dely around
the nmeans. Nevertheless, only in the case of Pb does the
standard devi ati on exceed the nean. Perusal of the Pb col um
reveal s one very hardy outlier at Station UKR-4 |ocated in the
Kennebec River just upstream of Swans | sl and.

A linear correlation matrix, using unnormalized data of
trace netals, major netals and salient environnental variables
was constructed to gain insight into the relationshi ps anong
them (Table 2). Nearly all of the correlations between the trace
nmetal s, M, Fe, percent fines and LO are extrenely significant.
Pb correlations are | ow and not significant with percent fines
and LO at n=47. The renoval of the above-nentioned outlier at
UKR-4, however, resulted in inproved Pb correlations wth every
variable. Wth the noted exception of Pb, the correlation matrix
i ndicates that the trace nmetals are nornmally distributed in
association with the fine grained and organic particles perhaps
medi ated by hydrous oxide coatings of Mi and Fe.

Grouping the stations by river segnments and exam ning the
summary statistics indicates that there is a clear and
consi stent geographic pattern exhibited by each of the seven
trace netals (Table 3; Fig. 2). Trace netal concentrations are
hi gher in the Upper Kennebec River (UKR), Merryneeting Bay (MB)
and Lower Kennebec River (LKR), the groupings that constitute
the main stemof the system Metal levels are uniformy |ower in
the four “local” Merryneeting Bay tributaries, i.e. the Middy
(MR), Cathance (CR), Abagadasset (AR) and Eastern R vers (ER)

An analysis to determne if the apparent differences in
metal concentrations are statistically significant cannot be
performed at the seven group |evel because MR and AR are
represented by too few stations. These two snall tributaries,
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together with CR, are located on the western side of
Merrymneeti ng Bay. They have conti guous wat ersheds and have
especially uniformtrace netal |oads with the standard errors of
t he neans overl apping in each case save one (Cr between CR and
AR)(Fig. 3, Table 3). Data fromthese three tributaries,
therefore, can be grouped together to increase the power of
statistical analysis. The new grouping is called western
tributaries (W). The neans and standard errors of the resulting
five groups are plotted in Fig.4.

A Kruskal -Vl lis test, a nonparanetric anal ysis of
variance, for each netal across the five geographi c groupi ngs of
stations indicates that there are very significant or extrenely
significant statistical differences between the levels of netals
in the groups (Table 4). The nonparanetric test is used because
parametri c anal ysis of variance assunes identical standard
deviations. Bartlett’s test suggests that there are the
di fferences between standard devi ations are significant in each
case.

Table 4. The level of significance of differencesin levels of each of the seven metals over the
five geographic groups.

Met al Significance L evel
Cd Very Significant
Cr Extrenely Significant
Cu Extrenely Significant
Pb Extrenely Significant
Zn Extrenely Significant
Sn Very Significant
Ni Extrenely Significant

The results of Dunn’s Multiple Conparisons Tests are
presented in Table 5. This test exam nes the results of the
Kruskal -Vl lis tests to determ ne which contrasts between
geogr aphi ¢ groupings are responsible for the statistically
significant results. In each case the significant differences
are between one of the “local” tributaries, W' or ER, and one of
the main stem groupings. To |look at it another way, there is
never a statistically significant difference detected between
the “local” tributaries or between the main stem groupings.

A rank score analysis is applied to highlight the
distributions of the netals over the entire study area. It this
process, the stations are ranked for each netal from the highest
concentration to the | owest (Tables 6-12). The results are
presented in a geographical context in Figs. 5-11. Exam nation
of the tables and figures indicates that there is considerable
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correspondence between the distribution of netals, i.e. a
station with a high concentration of one netal is likely to have
a high concentration of the other netals. In addition, the
stations with the highest netal concentrations tend to be

| ocated along the main stemof the system i.e. the Upper
Kennebec River Channel, that western portion of Merryneeting
Bay, where Androscoggin River water enters, and in the Lower
Kennebec River. Wth few exceptions, stations in the Wstern
Tributaries and the Eastern River are in the third or fourth
gquartile of stations.

The data can be further reduced by sunmm ng the rankings
across the seven netals (Table 13). For instance, Station UKR-8
in the Kennebec River just north of Swans Island is ranked
nunber 1 for six of the seven netals and nunber 3 for the
seventh. Summ ng these rankings results in a score of 9. Hence,
we can conclude that station UKR-8 has the highest trace netal
burden of the 47 stations. Station MB-6 with a sumrank score of
33 is second, LKR-4 with a total score of 34 is third, and so on
t hrough the 47 stations. The geographic distribution of these
ranki ngs by quartile is presented in Fig.12.

Several inportant insights are revealed by this sumed rank
score analysis. The 20 hi ghest ranked stations are |ocated in
UKR, MB and LKR (Table 13). Furthernore, the nost highly ranked
stations anong these are found in the UKR above Swans Island, in
t he confl uence of the Androscoggin River and MB, and in the
upper reaches of the LKR (Fig. 12). Stations in the m nor
tributaries are generally ranked in the third and fourth
quartile. In fact, four of the five ER stations and four of the
seven CR stations are in the |lowest quartile. Stations from UKR
MB and LKR ranked in the lower two quartiles are | ocated at
sheltered sites.
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Table 5. Results of Dunn’s Multiple Comparisons Tests. * indicates significance at the <0.05
level; ** at the <0.01 level.

Metal Conpari son Signi ficance LeV
Cd W vs. MB *
ER vs. MB **
ER vs. LKR *
Cr W vs. MB *
WI vs. LKR *
ER vs. MB **
ER vs. LKR * %
Cu W vs. LKR *
ER vs. UKR *
ER vs. MB * %
ER vs. LKR * *
Pb W vs. MB *
W vs. LKR *
ER vs. MB *
ER vs. LKR *
Zn W vs. MB *
ER vs. MB **
ER vs. LKR *
Sn W vs. LKR **
Ni W vs. UKR *
W vs. MB *
W vs. LKR * *
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Table 6. Stations ranked by the concentration of Cd.

Rank Station Cd Conc. Quartile
1 UKR-8 1.820 1
2 MB-5 1.309 1
3 MB-6 1.263 1
4 LKR-4 1.236 1
5 MB-3 1.130 1
6 MB-4 1.128 1
7 LKR-1 1.036 1
8 LKR-2 0.991 1
9 UKR-1 0.976 1
10 UKR-4 0.955 1
11 LKR-6 0.892 1
12 CR-7 0.863 1
13 LKR-9 0.824 2
14 CR-5 0.789 2
15 MB-2 0.756 2
16 MR-4 0.751 2
17 MR-1 0.739 2
18 UKR-13 0.675 2
19 LKR-3 0.671 2
20 LKR-8 0.658 2
21 UKR-6 0.652 2
22 MR-2 0.648 2
23 UKR-9 0.636 2
24 UKR-3 0.622 2
25 UKR-10 0.622 2
26 MB-7 0.589 3
27 AR-2 0.588 3
28 AR-1 0.575 3
29 LKR-7 0.544 3
30 UKR-2 0.531 3
31 LKR-5 0.507 3
32 CR-3 0.505 3
33 UKR-7 0.484 3
34 ER-5 0.481 3
35 ER-4 0.465 3
36 MR-3 0.433 3
37 ER-2 0.421 4
38 AR-3 0.418 4
39 UKR-5 0.395 4
40 ER-3 0.369 4
41 CR-6 0.367 4
42 CR-8 0.328 4
43 ER-1 0.241 4
44 UKR-12 0.205 4
45 CR-2 0.200 4
46 CR-1 0.198 4
47 UKR-11 0.189 4
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Table 7. Stations ranked by the concentration of Cr.

Rank Station Cr Conc Quartile
1 UKR-8 218.54 1
2 UKR-2 175.08 1
3 MB-3 145.13 1
4 LKR-4 121.10 1
5 MB-6 108.57 1
6 MB-5 106.01 1
7 LKR-7 104.66 1
8 UKR-4 102.54 1
9 LKR-1 97.36 1
10 UKR-3 90.58 1
11 LKR-3 90.40 1
12 LKR-6 88.36 1
13 LKR-9 86.54 2
14 MB-4 85.64 2
15 UKR-1 84.57 2
16 LKR-2 74.64 2
17 UKR-9 73.20 2
18 AR-1 72.65 2
19 UKR-1C 66.59 2
20 UKR-12 63.68 2
21 MB-2 60.33 2
22 CR-1 60.23 2
23 LKR-5 59.16 2
24 MR-2 58.30 2
25 AR-2 57.80 3
26 MR-1 57.58 3
27 LKR-8 55.95 3
28 MB-7 53.58 3
29 CR-7 50.71 3
30 UKR-6 50.45 3
31 MR-4 49.94 3
32 UKR-5 49.90 3
33 ER-4 48.13 3
34 CR-3 47.48 3
35 AR-3 47.05 3
36 UKR-7 46.61 3
37 CR-5 46.53 4
38 CR-6 45.33 4
39 ER-5 45.12 4
40 UKR-11 44.19 4
41 CR-2 42.56 4
42 ER-2 42.13 4
43 ER-3 40.41 4
44 ER-1 40.22 4
45 MR-3 37.71 4
46 UKR-12 30.80 4
47 CR-8 25.61 4
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Table 8. Stations ranked by the concentration of Cu.

Rank Station Cu Conc Quartile
1 UKR-8 98.43 1
2 UKR-2 78.28 1
3 MB-3 71.13 1
4 LKR-4 69.76 1
5 MB-5 64.38 1
6 MB-6 63.98 1
7 UKR-1 58.69 1
8 LKR-6 55.74 1
9 LKR-1 51.32 1
10 UKR-4 49.85 1
11 LKR-3 48.89 1
12 MB-4 46.78 1
13 LKR-9 45.19 2
14 LKR-2 45.14 2
15 LKR-7 42.64 2
16 UKR-3 41.51 2
17 UKR-9 40.95 2
18 UKR-1(C 35.14 2
19 LKR-5 33.52 2
20 UKR-1& 32.67 2
21 CR-1 31.92 2
22 MB-2 31.64 2
23 MR-2 31.36 2
24 AR-2 30.61 2
25 MR-1 29.66 3
26 AR-1 29.59 3
27 LKR-8 29.39 3
28 CR-7 29.11 3
29 MR-4 28.91 3
30 CR-5 28.59 3
31 UKR-6 27.50 3
32 UKR-5 27.41 3
33 MB-7 27.03 3
34 AR-3 26.56 3
35 UKR-7 26.13 3
36 ER-4 24.80 3
37 CR-6 24.65 4
38 CR-2 23.63 4
39 UKR-11 23.37 4
40 ER-5 22.55 4
41 CR-3 22.44 4
42 ER-2 21.16 4
43 MR-3 20.34 4
44 ER-3 19.78 4
45 ER-1 19.24 4
46 UKR-12 15.70 4
47 CR-8 13.45 4
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Table 9. Stations ranked by the concentration of Pb.

Rank Station Pb conc. Quartile
1 UKR-4 284.68 1
2 UKR-1 111.25 1
3 UKR-8 94.27 1
4 UKR-2 80.47 1
5 MB-6 67.89 1
6 MB-5 66.40 1
7 MB-3 61.22 1
8 LKR-6 57.23 1
9 UKR-9 46.60 1
10 LKR-4 46.22 1
11 LKR-7 44.89 1
12 LKR-1 40.91 1
13 MB-4 40.52 2
14 LKR-2 39.59 2
15 UKR-10 38.85 2
16 LKR-9 37.29 2
17 LKR-3 35.38 2
18 MB-2 34.17 2
19 UKR-13 32.30 2
20 LKR-5 31.55 2
21 MR-1 29.81 2
22 UKR-11 29.72 2
23 MR-2 28.83 2
24 UKR-7 27.28 2
25 MB-7 27.03 3
26 CR-5 26.67 3
27 CR-1 26.34 3
28 MR-4 25.73 3
29 AR-2 25.46 3
30 UKR-5 25.39 3
31 CR-7 24.58 3
32 UKR-6 24.57 3
33 AR-3 24.29 3
34 ER-5 23.03 3
35 CR-6 22.27 3
36 ER-4 21.77 3
37 ER-2 21.19 4
38 ER-3 21.19 4
39 AR-1 20.97 4
40 CR-3 20.05 4
41 UKR-3 19.87 4
42 LKR-8 18.28 4
43 CR-2 16.45 4
44 ER-1 15.76 4
45 MR-3 14.40 4
46 UKR-12 10.05 4
47 CR-8 9.54 4
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Table 10. Stations ranked by concentration of Zn.

Rank Station Zn conc Quartile
1 UKR-8 474.61 1
2 MB-3 440.52 1
3 UKR-2 400.47 1
4 MB-5 343.71 1
5 MB-6 320.15 1
6 LKR-4 276.77 1
7 MB-4 256.92 1
8 UKR-4 248.46 1
9 LKR-1 236.85 1
10 LKR-3 215.24 1
11 LKR-2 209.47 1
12 UKR-3 198.84 1
13 UKR-1 185.79 2
14 LKR-9 180.88 2
15 LKR-6 179.49 2
16 UKR-9 172.91 2
17 UKR-1& 155.29 2
18 UKR-1C 154.41 2
19 CR-1 144.59 2
20 CR-7 143.99 2
21 MB-2 142.32 2
22 LKR-7 140.55 2
23 MB-7 132.39 2
24 MR-4 128.70 3
25 MR-2 128.70 3
26 AR-1 127.58 3
27 LKR-5 126.63 3
28 CR-5 121.86 3
29 AR-2 121.03 3
30 MR-1 119.36 3
31 LKR-8 116.56 3
32 AR-3 115.28 3
33 UKR-5 113.77 3
34 ER-4 107.28 3
35 UKR-7 102.25 3
36 CR-6 101.64 3
37 CR-2 100.71 4
38 ER-1 97.29 4
39 CR-3 96.41 4
40 ER-2 94.78 4
41 ER-5 93.16 4
42 ER-3 91.23 4
43 MR-3 88.21 4
44 UKR-11 86.96 4
45 CR-8 63.97 4
46 UKR-12 56.12 4
47 UKR-6 39.76 4
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Table 11. Stations ranked by concentration of Sn.

Rank Station Sn Conc Quartile
1 UKR-8 92.13 1
2 LKR-4 41.34 1
3 UKR-4 36.37 1
4 MB-5 34.89 1
5 UKR-2 34.61 1
6 MB-6 34.59 1
7 LKR-1 34.52 1
8 LKR-7 32.28 1
9 LKR-9 31.90 1
10 MB-3 31.04 1
11 LKR-3 30.04 1
12 UKR-1 28.84 1
13 LKR-2 27.30 2
14 LKR-6 26.87 2
15 UKR-1& 22.78 2
16 UKR-1C 21.23 2
17 UKR-9 20.46 2
18 LKR-8 20.38 2
19 MB-4 19.38 2
20 UKR-11 18.83 2
21 UKR-3 17.78 2
22 AR-2 16.26 2
23 ER-5 16.17 2
24 CR-1 15.99 2
25 AR-1 15.32 3
26 CR-5 14.91 3
27 CR-2 14.03 3
28 ER-3 13.90 3
29 MR-1 13.43 3
30 MB-2 13.36 3
31 ER-1 13.07 3
32 ER-2 12.82 3
33 LKR-5 11.95 3
34 ER-4 11.69 3
35 UKR-6 11.61 3
36 CR-3 11.14 3
37 UKR-7 10.76 4
38 MR-3 10.69 4
39 MR-2 10.55 4
40 AR-3 9.29 4
41 MB-7 9.16 4
42 UKR-5 9.03 4
43 MR-4 8.73 4
44 UKR-12 7.62 4
45 CR-6 7.52 4
46 CR-7 6.73 4
47 CR-8 6.11 4
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Table 12. Stations ranked by the concentration of Ni.

Rank Station Ni Conc Quartile
1 UKR-8 184.16 1
2 UKR-4 145.00 1
3 MB-6 95.35 1
4 LKR-4 89.30 1
5 LKR-7 79.35 1
6 UKR-1 78.80 1
7 UKR-2 73.76 1
8 LKR-9 69.14 1
9 LKR-2 66.68 1
10 MB-3 64.71 1
11 UKR-13 60.05 1
12 MB-5 58.82 1
13 LKR-6 55.90 2
14 LKR-1 53.27 2
15 UKR-1C 52.72 2
16 AR-2 51.99 2
17 LKR-3 50.88 2
18 LKR-8 45.66 2
19 MB-4 41.16 2
20 CR-5 39.92 2
21 UKR-9 39.47 2
22 CR-2 37.54 2
23 LKR-5 35.04 2
24 UKR-3 34.43 2
25 ER-4 33.73 3
26 ER-1 33.68 3
27 UKR-7 33.59 3
28 UKR-12 33.29 3
29 AR-1 32.89 3
30 MR-1 32.87 3
31 CR-8 31.76 3
32 MB-7 31.66 3
33 AR-3 31.51 3
34 CR-3 31.12 3
35 ER-5 30.18 3
36 MB-2 30.06 3
37 UKR-5 30.06 3
38 UKR-11 29.79 4
39 MR-3 29.52 4
40 UKR-6 29.34 4
41 ER-3 26.82 4
42 ER-2 26.27 4
43 CR-1 26.19 4
44 MR-4 24.85 4
45 MR-2 24.22 4
46 CR-7 23.34 4
47 CR-6 18.79 4
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COMPARISON WITH OTHER STUDIES

Conpari sons between studies are often difficult due to
differences in sanpling techniques, analytical nethodol ogy and
docunent ati on. Nevertheless, even with the limtations, valuable
i nsights can be discovered and the effort is usually rewarding.
In the present case, there are a small nunber of recent studies
that can be utilized. An initial observation is that, since the
studies are all relatively recent, tenporal conparisons would
have little neaning.

The results, or selected results, of five studies are
sunmmari zed in Table 14. Mst of the included nunbers represent
nmeans. The reader is rem nded that there are variances around
t hese nean values. The first three studies |isted enploy very
conpar abl e nmet hodol ogi es.

The first data set presented in Table 14 includes the nean
concentrations of seven netals in the seven subregi ons of the
present study. The previously noted concentration differences
between the four smaller tributaries and the main stemregions
are obvious. The results of Getchell (2002) fromthe nearby
Boot hbay region are included as a baseline. Her Gulf of Mine
stations were taken 2-8 kiloneters off Cape Newagen. Although no
sites downw nd of a continent are uninpacted by contam nants,
these sites are isolated fromdirect inputs and may be
considered to represent regional background contam nant | evels.
Her Boot hbay and | nner Boot hbay Harbor stations represent sites
al ong a gradi ent of presuned increasing contam nant input.
Conparison of the present results with Getchell’s reveals that,
Wi th one exception, sanples for the Kennebec/ Androscoggi n system
contains elevated |evels of netals. Zn appears to be especially
el evated. The one exception is Pb that exhibits concentrations
in the four small Merryneeting Bay tributaries that are bel ow
our chosen @Gl f of Maine background | evel.

There i s good correspondence between the present results
and those of Larsen and Gaudette (1995). Stations 23-25 of
Larsen and Gaudette (1995) are located in the | ower Kennebec
Ri ver and in each case the range of val ues reported for these
stations bracket the nean values reported for the LKR grouping
in the present study. These authors had reported that netal
levels in the region, especially in the main stem of the
Kennebec estuary, were el evated above pre-industrial |evels.

Results fromthe FOVB/ DEP study are in general agreenent
with the present study for the two netals that were analyzed in
common. Pb levels are near or below the Gulf of Maine baseline
and Zn levels are in agreenent for simlar areas; for instance,
in the Muddy River 127.9 vs. 116.2 and in the Abagadasset River
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114. 4 vs. 121.3. The FOVB/ DEP study is still in production. Once
it is conplete with detail ed nethodol ogy and specific sanpling
sites, it would be productive to do nore thorough conparisons of
t hese and ot her paraneters.

Chilcote and Waterfield (1995) sanpled 14 stations in the
Merrynmeeting Bay area. Because of the extrenely sandy nature of
their sanples, and basic differences in nethodol ogy, we are not
able to conpare results.

DI SCUSSI ON

The results of this study reveal a coherent explanation of
the distribution and novenent of trace nmetals into and through
t he Kennebec/ Androscoggin River system The major points are as
follows. Metal levels are generally el evated above pre-
industrial |levels (Lyons et al., 1978; Larsen et al., 1983a) and
above a Gul f of Maine baseline (Getchell, 2002) indicating that
netals are presently entering the system (Table 14). There are
statistically significant differences in netal |evels between
our seven defined subregions that show that the greatest
concentration elevations are limted to the main stemof the
system i.e. the Kennebec Ri ver and estuary and Merryneeti ng Bay
that, in our groupings, includes the |ower Androscoggin River
(Table 4). The four small tidal rivers that enter Merryneeting
Bay, the Muddy, Cathance, Abagadasset and Eastern Rivers, have
wat ersheds limted to the Merryneeting Bay vicinity and exhibit
| ess elevated netal levels. In the case of Pb, sedi nent
concentrations are actually below the Gulf of Maine baseline
(Getchell, 2002). W, therefore, nmay conclude that the ngjor
portion of the observed trace netals is fromoutside of our
i medi ate study area, i.e. fromupstream sources in the Kennebec
Ri ver and Androscoggi n R ver watersheds.

The conclusion that the Kennebec and Androscoggin
wat er sheds are the principal sources of netals in the systemis
reinforced by the distribution of the stations that ranked the
hi ghest in terns of nmetal concentrations (Table 13, Fig.12). For
i nstance, Stations MB -6, MB-5 and MB-3 are situated where the
Androscoggi n River broadens into Merryneeting Bay. It is here
where the currents would slow and the river would drop part of
its suspended | oad. Likew se, highly ranked stations in the
upper Kennebec are | ocated where the river first neets the two-
way tidal flow below the (former) damin Augusta (Stations UKR-1
and UKR-2) or where the river first broadens out into upper
Merrynmeeting Bay (Stations UKR-4 and UKR-8).

Four stations in the upper reach of the | ower Kennebec
Ri ver estuary, the Sagadahoc estuary, also were highly ranked
(Stations LKR-1,2,38&4). \Wereas we cannot dism ss potenti al
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inputs fromthe population/industrial center of Bath, there is a
hydr odynam ¢ expl anati on why these stations would exhibit higher
nmetal burdens than stations inmredi ately upstreamin Merryneeting
Bay. Wen fresh, river water collides with seawater to form an
estuary, uni que physical and chem cal processes result. Seawater
is denser than fresh water. As a result, in a constricted tida
estuary, it sinks and produces a bottomcurrent with a net
upstream novenent. Conversely, the fresh water floats upon
seawat er and produces a surface current with a net downstream
nmovement. Hence, as sedinent particles carried by the downstream
flow ng river water sink, as they tend to do, they becone
entrained in the upstream noving bottom current. Further
upestuary, the particles will be m xed back into the downstream
surface current to sink again into the bottomcurrent. Mny
particles becone captured in this cyclic estuarine circulation.
At the sane tinme, when the fine river borne sedinent and organic
particles, with which the contam nants are associ ated, cone into
contact with the salts in the seawater, chem cal and
el ectrostati c changes occur. This causes changes in the
solubility of many contam nant conpl exes and, very dranmatically,
it causes the small contam nant |aden particles to floccol ate,
i.e. bind together, and becone | ess buoyant. The result of these
processes is that the upper reaches of estuaries are often
characterized by a region of increased suspended | oads and
underl ain by nuddy deposits. This region is called the turbidity
maxi mum and it is here where higher |evels of contam nants woul d
be expected. Hydrographic conditions in the Kennebec estuary
allow for the formation of a turbidity nmaxi mum during periods of
| ow or noderate flows which occur about three-quarters of the
time (Kistner and Pettigrew, 2001). The |ocation of the Kennebec
turbidity maximumis nost often in the upper reach where we
encountered netal |evels higher than at stations both upstream
and downstream

The fact that netals are entering the Kennebec/ Androscoggin
system from upstream does not nmean that they are accunulating in
the tidal portions of the systemthat we sanpled. O sen, et al.
(1993) investigated a range of US east coast estuaries in an
effort to explain patterns observed in estuarine particle
retention or export. The Kennebec/ Androscoggin systemfits into
their Type | where “sedi nent and contam nant accunul ation are
negligi ble”. Like our study area, Type | areas have noncohesive
sedi ments strongly influenced by physical or biological mxing.
They are in “a state of dynamc equilibriumwth respect to sea
| evel, river discharge, tidal currents and wave activity” and
have “apparently obtained an equilibrium depth above whi ch net
particle and contan nant deposition is negligible, despite an
excess of both.” They say further that the entire suspended
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sedi ment and contam nant | oad bypasses these areas. Any
deposition that occurs is tenporary due to resuspensi on by
currents and waves.

The findings that the netals are being introduced into the
| ower Kennebec/ Androscoggi n system from upstream and are not
accunul ating in Merrynmeeting Bay or the | ower estuary supports
t he hypot hesis of Larsen and Gaudette (1995) that the |arge
Kennebec/ Andr oscoggi n wat ershed (27, 700 kn2) is the source for
much of the contam nation observed in the nearshore GQulf of
Mai ne. Al though we have enphasized trace nmetals in this
research, the distribution of organic contam nants such as PAHs
and dioxin should mrror the netal distribution because of
simlar affinities for fine-grained sedinments and organic
particl es.
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SUMMARY AND CONCLUSIONS

Metal levelsin the Kennebec/Androscoggin study area sediments are generally elevated relative
to background

H ghest netal levels are found in the main stemof the system

Principal sources of the netals are the watersheds of the
Kennebec and Androscoggin Rivers

The smaller tributaries with watersheds in the i medi ate
Merrymneeti ng Bay area have statistically significant |ower
nmetal |evels

Hi gher netal |evels in the upper reach of the | ower Kennebec
estuary may be expl ained by the | ocation of the Kennebec
turbidity maxi mum

The systemis in dynamc equilibriumin regards to particle and
cont am nant deposition. Accumul ation of netals and, by
i nference, other contami nants in the systemis negligible

These finding are further evidence that contam nants fromthe
Kennebec/ Andr oscoggi n wat ershed are transported to the
nearshore Gulf of Mine
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ESTUARINE SEDIMENT CHARACTERIZATION

Recent hazardous waste site assessments in lower river systems and estuaries have
demonstrated the need for a better understanding of toxic contaminant levels in estuarine
sediments. These areas, neither river nor marine, and a transition zone between erosional
and depositional areas are not well characterized. Waste discharge license limits are
based on ambient concentrations of a toxicant after mixing. Due to stoichiometric
changes between fresh and salt water, many contaminants settle shortly after reaching
saline conditions. The amount of contaminants deposited in these areas is a reflection of
the actual load delivered from the river (and treatment plants) and is largely independent
of ambient concentrations. Concern has been raised that although concentrations may be
decreasing, loading may be actually increasing due to increased discharge flows.

Some estuarine sediment chemistry has been conducted, but most work has been in
euryhaline areas. In the 1999-2003 five year plan, we intend to characterize sedimentsin
the major estuarine areas at arate of one estuary area each year. The Friends of
Merrymeeting Bay helped collect samples from Merrymeeting Bay in 1999 and results
were reported in the 1999 SWAT report. Samples for dioxins and furans, however, were
not analyzed. New samples were collected for dioxin and furan analysisin 2000. Results
are as follows.

STATIONS

AB  Abagadasset River near Bald Head N43:59.787, W69:51.073.

AR  Androscoggin River near Bayshore Road N43:57.446 W69:51.591
KR  Kennebec River near Abagadasset Point N43:59.915 W69:49.826
MR  Muddy River near Pleasant Point N43:58.205, W69:52.871

Sl Swan’sIsland south end N43: 59.787 W69:51.073

WC  Whiskeag Creek mouth N43:56.169 W69:49.827
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TABLE 1.5.1 DIOXIN IN 2000 MERRYMEETING BAY SEDIMENT SAMPLES

Sed ID AR-1 SI-2 AR-2 KR-3 AR-3 WC-2
DL (ng/Kg,

Congener dry weight )

2,3,7,8-TCDF 0.11 6.88 1.17 2.22 5.68 2.55 1.10
1,2,3,7,8-PeCDF 0.25 1.99 0.21 0.64 1.79 0.81 <DL
2,3,4,7,8-PeCDF 0.25 2.14 0.26 0.78 1.73 1.10 <DL
1,2,3,4,7,8-HXCDF 0.25 10.1 0.77 1.82 2.52 3.62 0.18
1,2,3,6,7,8-HXCDF 0.25 8.50 0.58 1.31 2.03 3.34 0.24
2,3,4,6,7,8-HXCDF 0.25 3.34 0.23 0.79 1.19 2.44 <DL
1,2,3,7,8,9-HXCDF 0.25 1.29 <DL 0.110 0.71 0.30 <DL
1,2,3,4,6,7,8-HpCDF 0.50 173 14.9 140.4 275 101 7.68
1,2,3,4,7,8,9-HpCDF 0.50 12.9 0.715 2.77 2.25 32.3 <DL
OCDF 0.50 282 8.77 156 85.4 227 20.7
2,3,7,8-TCDD 0.10 0.55 0.07 0.37 0.59 0.19 1.30
1,2,3,7,8-PeCDD 0.25 1.69 <DL 0.36 0.83 0.43 <DL
1,2,3,4,7,8-HXCDD 0.25 3.55 0.40 0.82 1.07 1.17 <DL
1,2,3,6,7,8-HXCDD 0.25 27.1 1.61 5.27 3.20 9.11 1.38
1,2,3,7,8,9-HXCDD 0.25 20.4 1.56 2.68 2.60 6.62 1.36
1,2,3,4,6,7,8-HpCDD 0.50 365 19.9 78.8 54.3 177 43.6
OCDD 0.50 4279 141 1183 1329 3166 450
TEQ ND=0 17.491 1.216 5.002 5.259 7.573 2.281
TEQ ND=DL 17.491 1.491 5.002 5.259 7.573 2.749
sample weight (g wet wt) 100 100 94 125 91 143
% solids 50 50 53 40 55 35

Sediment amounts are based on the % solids to give a 50 g sample weight of dry material.
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Sed ID

Congener

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HXCDF
1,2,3,6,7,8-HXCDF
2,3,4,6,7,8-HXCDF
1,2,3,7,8,9-HXCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF
2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HXCDD
1,2,3,6,7,8-HXCDD
1,2,3,7,8,9-HXCDD
1,2,3,4,6,7,8-HpCDD
OCDD

TEQ ND=0
TEQ ND=DL

sample weight (g wet wt)

% solids

DL (ng/Kg, dry
weight )

0.11
0.25
0.25
0.25
0.25
0.25
0.25
0.50
0.50
0.50
0.10
0.25
0.25
0.25
0.25
0.50
0.50

WC-3

1.62
0.81
0.81
1.01
1.02
0.45
<DL
18.6
0.98
515
0.33
0.69
0.67
2.96
2.20
65.9
826

3.397

3.422

125
40

AB-c3

<DL
<DL
<DL
<DL
<DL
1.05
2.26
66.5
<DL
117
<DL
<DL
<DL
<DL
<DL
106
1776

2.25
2.87

51.0

MR-c2

<DL
<DL
<DL
<DL
<DL
3.02
4.98
112.0
6.95
156
<DL
<DL
<DL
<DL
<DL
332
2550

5.58
6.20

51.0

AB-c3

<DL
<DL
<DL
<DL
<DL
1.05
2.26
66.5
<DL
117
<DL
<DL
<DL
<DL
<DL
106
1776

2.25
2.87

51.0

MR-c3

<DL
<DL
<DL
<DL
<DL
3.02
4.98
112.0
6.95
156
<DL
<DL
<DL
<DL
<DL
332
2550

5.58
6.20

51.0

Sediment amounts are based on the % solids to give a 50 g sample weight of dry material.
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